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The floral structures of the five species of Heloniopsis were compared. Heloniopsis 
orientalis (abbreviated as 0 ) and H. breviscapa (B) have more advanced floral structures 
than H. leucantha ( L),H. umbellata (U) and H. kawanoi (K). O and B are regarded as sister 
species sharing at least two autapomorphic floral characters (S-l and S-2, designated in 
the text). The geographical ranges of L, U and K are south of those of O and B, without 
any overlap between the two groups. The range of species B, some of whose floral 
characters are more advanced than the other species, is south of its closest relative O, 
with some overlap of the ranges. 


Heloniopsis is a small genus of Liliaceae 
comprising five species (Tanaka unpub.) dis¬ 
tributed in eastern Asia (Krause 1930, Ohwi 
1953,1965,1975). So far there has been little 
attempt to clarify the phylogenetic relation¬ 
ships among the species of this genus. In this 
study, floral structures of the five species were 
compared. Significant variations were found 
to exist in the floral structure of this genus. 
This paper focuses on these variations and 
presents their evolutionary and phylogenetic 
implications. 

Materials and Methods 

The following five species were investi¬ 
gated in this study; H. leucantha (Koidz.) 
Honda, H. umbellata Baker, H. kawanoi 
(Koidz.) Honda, H. orientalis (Thunb.) C. 
Tanaka, and H. breviscapa Maxim. Taxo¬ 
nomic circumscription for H. breviscapa in 
this paper coincides with Hara (1947). How¬ 
ever, in this paper the infraspecific taxa of H. 
breviscapa designated by Hara (1947) are not 


adopted. 

Floral structures were examined mostly in 
living plants listed in Table 1. These plants 
were cultivated at the experimental nurseries 
of Teikyo University in Hachioji, Tokyo. The 
specimens in Table 1 are kept in our labora¬ 
tory. 

Geographical ranges of the species were 
determined in most cases by examining the 
herbarium specimens housed in MAK, RYU, 
TI and TNS. 

Results 

The name of each species is abbreviated as 
follows in the following description: H. 
leucantha = L, H. umbellata = U, H. kawanoi 
= K, H. orientalis = O, and H. breviscapa = B. 

In O and B, the base of each tepal is adnate 
to the base of its corresponding filament^, 
forming a sheath-like, saccate structure (de¬ 
signated here as S-l) (Figs. 1A-1C). During 
anthesis this structure is filled with nectar, 
secreted by the nectary at the bottom. In these 
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Table 1. Collection data of the materials. In this list, each entry includes in this order code (0-1, B-l 
locality, date of collection (year, month/day), collector(s) and the other information. N.T. = N. 
Tanaka (the author of this paper) 


H. orientalis 
Honshu 

0-1: Niigata Pref., Santo-gun, Koshiji-cho, Hakama. 1987, 4/2. N.T. s.n. 

0-2: Niigata Pref., Karihane-gun, Oguni-machi, Mt. Hachikokusan. 1986, 4/6. N.T. s.n. 

0-3: Toyama Pref., Uozu-shi, Kosuganuma. 1983, 5/26. N.T. s.n. 

0-4: Nagano Pref., Kiso-gun, Nagiso-cho, Tadachi. 1981, 5/27. N.T. s.n. 

0-5: Gifu Pref., Motosu-gun, Neo-mura, Rav. Midoridani. 1987, 3/26. N.T. s.n. 

0-6: Aichi Pref., Inuyama-shi, Inuyama. 1987, 3/25. N.T. s.n. 

0-7: Shiga Pref., Shiga-gun, Shiga-cho, Mt. Hirasan. 1983, 5/28. N.T. s.n. 

0-8: Mie Pref., Mie-gun, Komono-machi, Yunoyama - Mt. Gozaisho; Yunoyama - eastern foot 
of Mt. Kirara-mine. 1981, 6/4; 1985, 5/22; 1987, 3/27-28. N.T. s.n. 

0-9: Wakayama Pref., Naka-gun, Mt. Ryumon. 1981, 6/6. N.T. s.n. 

H. breviscapa 
Honshu 

B-l: Mie Pref., Taki-gun, Miyagawa-mura, Rav. Osugidani. 1984, 7/6-7. N.T. s.n. 

Shikoku 

B-2: Tokushima Pref., Katsuura-gun, Kamikatsu-cho, Tanono. 1984, 6/5. N.T. s.n. 

Kyushu 

B-3: Kumamoto Pref., Aso-gun, Kugino-mura,Yunotani. 1985, 6/2. N.T. s.n. 

B-4: Kagoshima Pref., Aira-gun, Makizono-cho, Myoken. 1985, 6/6. N.T. s.n. 

B-5: Kagoshima Pref., Satsuma-gun, Isl. Shimo-koshiki-jima, Mt. Odake. 1985,6/3; 1988,5/31. 
N.T. s.n. 

B-6: Kagoshima Pref., Tarumizu-shi, Mt. Takakumayama, along the upper stream of the Honjo 
River. 1983, 7/26. N.T. s.n. 

B-7: Kagoshima Pref., Kumage-gun, Isl. Yakushima. 1983, 7/28-29; 1986, 10/8. N.T. s.n. 

H. leucantha 
Ryukyu Isl. 

L-l: Okinawa Pref., Isl. Okinawa (-Honto), Nago-shi, Genka. 1990, 8/11. Collected by the staff 
of the Research Inst, of Tropical Plant Resources in Okinawa s.n. 

L-2: Okinawa Pref., Ishigaki-shi, Isl. Ishigaki, along the upper stream of the Nagura River. 1984, 
10/24. M. Yokota s.n. 

L-3: Okinawa Pref., Yaeyama-gun, Taketomi-cho, Isl. Iriomote, Mt. Komidake. 1990,10/20. M. 
Yokota s.n. 

L-4: Okinawa Pref., Yaeyama-gun, Taketomi-cho, Isl. Iriomote, along the Urauchi River. 1987, 
3/18. Collected originally by Yahara & Shimizu and then transplanted to the Bot. Gard. of the 
Univ. of Tokyo (accession number by this garden: 87-56) 

H. umbellata 
Taiwan 

U-l: Taipei Co., Mt. Chihsingshan. 1987, 10/15. N.T. s.n. 

U-2: Taipei Co., Mt. Tatunshan. 1987, 10/16. N.T. s.n. 

H. kawanoi 
Ryukyu Isl. 

K-l: Okinawa Pref., Ishigaki-shi, Isl. Ishigaki, Shiramizu (along the upper stream of the Nagura 
River). 1993, 7/30. N.T. s.n. 

K-2: Okinawa Pref., Ishigaki-shi, Isl. Ishigaki, Mt. Omoto, alt. 90 m. 1995, 3/2. Originally 
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collected by J. Murata, and then transplanted to the Bot. Gard. of the Univ. of Tokyo 
K-3: Okinawa Pref., Yaeyama-gun, Taketomi-cho, Isl. Iriomotejima, along the middle and upper 
stream of the Urauchi River. 1983, 7/11. N.T. s.n. 


species, the neighbouring tepals are connate to 
each other at their bases, forming a low mem¬ 
braneous structure (designated here as S-2) 
between them (Figs. 1A-1C). 

In L, K and U, on the contrary, there is no 
such distinct adnation between the tepal and 
the filament (Figs. 1D-1F) as that seen in 0 
and B. The nectary in these three species is 
located, as it is in O and B, at the base of the 
ventral side of each tepal. However, the con¬ 
cave of the nectary is not sheath-like as in O 
and B, but shaped like a shallow bowl or basin 
in L (Fig. ID) and U (Fig. IF) and like a very 
shallow hollow in K (Fig. IE). Further, in these 
three species, the neighbouring tepals are not 
distinctly connate at their bases (Figs. 1D-1F), 
although some very minor connations are ob¬ 
served often in U (Fig. IF) and occasionally 
in L and K. 

In B, the nectary is located generally higher 
in the relative floral position than it is in any 
other species (Fig. 2). That is, inL, U andK, the 
bottom of the nectary concave (designated 
here as BN) is located always lower against the 
upper surface of the receptacle or the lowermost 
position of the ovary (designated here as SR) 
(Figs. 2A, 2B). In O, BN is also usually below 
SR (Fig. 2C), but occasionally as high as SR. 
In B, on the contrary, BN is usually above SR 
(Fig. 2D), but occasionally as low as SR. 

The basal, lowermost part of the dorsal side 
of each tepal is more or less convex in L, U 
(Fig. 3A), K and O (Fig. 3B) (this convex is 
termed the “primary convex” in this paper). 
For example, in O, this primary convex is 
relatively distinct, being slightly protuberant 
along the pedicel as shown in Fig. 3B, while 
that in K is very slight. This primary convex is 
consistently located just behind the nectary on 
the ventral side of each tepal in these species, 


and accordingly, the basal part of each tepal 
has more or less a concavo-convex structure. 
On the other hand, in B, there is some 
intraspecific variation on the character of the 
basal part of the tepal. For example, in the 
plants from Osugidani (B-l in Table 1), the 
Kinki district of Honshu, central Japan, there 
is also a primary convex at the basal part of 
each tepal, which is morphologically similar 
to that of O. But, in the plants from Shikoku 
and Kyushu (B-2-B-7 in Table 1), western 
Japan, the primary convex is usually poorly or 
very scarcely developed 2) (Figs. 3C, 3D), and 
instead, the secondary, slight convex (this con¬ 
vex is termed the “secondary convex” here) 
is developed often at a site slightly above the 
lowermost part of the tepal (Figs. 3C, 3D). The 
presence of this secondary convex can also be 
traced occasionally even in plants from 
Osugidani, but it is usually so slight and indis¬ 
tinct 3 '* that it is likely to be overlooked. In B, as 
mentioned earlier, the nectary is located higher 
in the relative floral position than in any other 
species, and this character seems to be respon¬ 
sible for the development of the secondary 
convex in this species. In fact, it is observed 
that there is a good correlation between the 
position of the nectary and that of the second¬ 
ary convex in this species. Detection of this 
secondary convex in B is usually easier in the 
flowers after anthesis (Fig. 3D) rather than in 
anthesis (Fig. 3C). 

The geographical range of each species is as 
follows: U, Taiwan; L and K, the Ryukyu 
Islands; B, southwestern Japan (Kyushu, 
Shikoku and southwestern Honshu); O, Japan 
(the northern part of Kyushu, Shikoku, Honshu 
and Hokkaido), Korea and the southern part of 
Sakhalin. 




Fig. 1. Basal parts of flowers of Heloniopsis. Some floral parts are removed. A. H. orientalis (0-5). B, 
C. H. breviscapa (B-3). D. H. leucantha (L-l). E. H. kawanoi (K-1). F. H. umbellata (U-l). “c” in Figs. 
A-C shows the basal connation between the neighbouring tepals. mark in Figs. A-C shows the 
adnation between the tepal and the filament, “me” in Fig. F shows the very minor connation between 
tepals. In parentheses is indicated the code for each source of material (cf. Table 1). Scales in Figs. A 
and E are in mm, and the scale bars in the other figures indicate 2 mm. 
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Fig. 2. Longitudinal sections of flowers of Heloniopsis. A. H. leucantha (L-l). B. H. umbellata (U-l). 
C. H. orientalis (0-5). D. H. breviscapa (B-7). “SR” indicates the upper surface of the receptacle (or 
the base of the ovary), while “BN” is the bottom of the nectary concave. Note that the position of the 
nectary in H. breviscapa (Fig. D) is higher than that in the other species (Figs. A-C). In parentheses is 
the code for each source of material (cf. Table 1). Scale bar = 2 mm. 


Discussion 

From an evolutionary point of view, a com¬ 
pound structure made up of subunit structures 
can generally be regarded as advanced or sec¬ 
ondary compared with a non-compound, unit 
structure. This view seems also to be applica¬ 
ble to the case of Heloniopsis. 

In the flowers of O and B, two such com¬ 
pound structures (S-l and S-2) can be seen. 
One is the saccate structure (S -1) at the base of 
both a tepal and a filament. This structure is 
formed by adnation between the two different 
floral organs or units (a tepal and a filament). 
The other is the membraneous structure (S-2) 
connecting the bases of the neighbouring tepals. 


This structure is formed by connation between 
the same kind of floral organs or units (tepals). 
These two structures (S-l and S-2) are re¬ 
garded as advanced or secondary compared 
with structures that do not display adnation or 
connation. While these two structures (S-l and 
S-2) are developed exactly in the same form in 
O and#, they are not appreciably developed in 
the flowers of L, U and K. These facts suggest 
thatL, U and K are primitive with respect to the 
floral structure, while O and B are advanced. 
Further, O and B can also be regarded as sister 
species derived from a common ancestral lin¬ 
eage, because they share the above two 
autapomorphicfloral characters (S-l and S-2). 
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Fig. 3. Basal parts of tepals (the dorsal side) of Heloniopsis. A. H. umbellata (U-2). B. H. orientalis (O- 
6). C, D. H. breviscapa (B-2), C; in anthesis, D; after anthesis. In Figs. A and B, the lowermost part of 
each tepal has a primary convex (PC), while in Figs. C and D, the primary convex is scarcely developed 
(indicated by an arrowhead), and instead, the secondary convex (SC) is developed slightly just above 
the lowermost part. In parentheses is the code for each source of material (cf. Table 1). Scale bar = 2 
mm. 


The position of the nectary in the flowers of 
B is generally higher than that of any other 
species, as stated earlier. This character can 
also be regarded as advanced or apomorphic in 
state, since this character is developed only in 
B, which is one of the two sister species re¬ 
garded to have more advanced floral structure 
than the other three species, as mentioned 
above. Probably, this character has developed 
in connection with the pollinators visiting the 
flowers of B . This character is not only a direct 
cause for the development of the secondary 
convex, but also likely to have been a trigger 
for the degeneration of the primary convex in 


some plants of B\ in this species, the structural 
correlation existing primarily between the 
nectary and the primary convex is likely to 
have been weakened due to the transfer of the 
nectary from the lower position to the higher, 
and this altered condition seems likely to have 
induced the degeneration of the primary con¬ 
vex in some plants of B. As this degeneration 
of the primary convex is only seen in some 
plants of B, this character is also regarded as 
advanced or apomorphic in state. According to 
this interpretation, the plants showing this 
degeneration, like many plants from Shikoku 
and Kyushu, western Japan (B-2-7 in Table 
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1), are regarded as advanced with respect to 
the floral structure, and those without showing 
this degeneration, like the plants from 
Osugidani, the Kinki district of Honshu, Japan 
(B-l in Table 1), are regarded as primitive, 
since the latter plants still retain the older 
character (the primary convex). The develop¬ 
ment of the secondary convex in B can also be 
regarded as an apomorphic character. In these 
respects, it can be said that B is the species 
having more advanced floral structure than its 
closest relative O. 

There is no doubt that the evolution of the 
floral structure in Heloniopsis has proceeded 
in connection with its pollinators, because the 
major transformations found in the floral struc¬ 
ture of this genus are more or less confined to 
the parts related to the nectary. 

The ranges of the species with the most 
primitive floral structure (L, U and K) are 
south of those of the species with the more 
advanced floral structure (O and B ), without 
any overlap between the two groups. The 
former group of species is distributed in Tai¬ 
wan and the Ryukyu Islands, while the latter 
group in Kyushu to the north up to the southern 
part of Sakhalin. The range of species B, some 
of whose floral characters are more advanced 
than the other species studied here, is south of 
its closest relative O, with some overlap of the 
ranges. 

The phylogenetic relationships among L, 
U, K and an ancestral lineage of both O and B 
are still not clear. Further comparative studies 
on many other characters of this genus are 
needed. 

I express my deep gratitude to the following 
persons who kindly provided me with living 
materials: Dr. Masatsugu Yokotaof the Ryukyu 
University, Dr. Kohji Karasawa of Okinawa 
Ranken Co. Ltd., and Mr. Fumio Shimozono 
of the Botanic Garden of the University of 
Tokyo. I also thank the staff of MAK, RYU, TI 


and TNS for allowing me to examine the 
specimens of Heloniopsis. 

Endnotes 

^The presence of this character in this genus 
has been reported by Franchet (1887), and in 
H. orientalis by Uteck (1978) and Utech and 
Kawano (1981). 

2j The presence of this character has already 
been known mainly in the plants from Kyushu 
[Ohwi 1953,1965,1975; under the name of H. 
orientalis var. breviscapa (Maxim.) Ohwi. 
Kitamura et al. 1964, Kitamura and Murata 
1966; under the name of H. orientalis subsp. 
breviscapa (Maxim.) Kitamura]. 

3) The secondary convex could be distinguished 
only when the primary convex is poorly or 
scarcely developed. Some degree of the devel¬ 
opment of the primary convex may obscure in 
the external appearance the presence of the 
secondary convex, even if the latter is present. 
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